children registered at the selected AWC were included in the study.
The nutritional status of 1643 children in the 6 months to < 6 years age group was assessed using weight-for-age criteria. The National Centre of Health Statistics (NCHS) standards for weight-for-age were used for classification of children in various grades of nutritional status. Age of children was assessed from the birth certificates available from the parents. Whenever age of the child was not available the local event calendar was used to arrive at the nearest approximation of birth date.
The SECA electronic weighing scale (Weighing and Measuring Systems, Columbia, USA) was used to record the bodyweight to the nearest 100 g. Weight of the subjects was measured with subjects wearing minimal clothing. Tared weight was taken if children below 2 years of age were being weighed.
A total of 150 children were identified as severely malnourished (grades III and IV). Mothers of 130 of these SMN children gave their consent to their children's participation in the study. This group constituted the final study population. Each SMN child was given a code number. Monthly domiciliary visits were made to each of these 130 SMN children.
Bodyweight and the nutrient intake of each SMN child was recorded at a monthly interval (+2 days) for a period of 12 consecutive months. Every month, the bodyweight of the SMN child was measured. The weighing scales were checked regularly with the help of standard weights to ensure their accuracy and reproducibility.
Data on nutrient intake of the indexed SMN child was collected by interviewing the mother of the child. Nutrient intake of the SMN child was calculated using the 24 h dietary recall methodology. 9, 10 The raw amount of food consumed by the SMN child was estimated and subsequently, the nutrient intake was calculated. The intake of energy, protein, iron, zinc, copper, calcium, magnesium, β-carotene and vitamin C of each SMN child was calculated using a computer software programme based on the Nutritive Value of Indian Foods (Indian Council of Medical Research (ICMR)) and developed at the All India Institute of Medical Sciences, New Delhi. 11 Recommended dietary allowances (RDA) suggested by the ICMR for different age groups (i.e. 6-< 12 months, 12-< 36 months and 36-< 72 months of age) were used to assess the adequacy of nutrient intake by the study subjects. 12, 13 In the present study, three SMN children died, parents of 20 of the children refused to allow their children to participate, and 10 migrated from the study area. Data on dietary intake of 37 children could not be collected for all 12 months due to the operational limitations of a field study. Therefore, at the end of 12 months, out of the identified 130 SMN children, nutritional status and nutrient intake of only 60 SMN children could be collected.
Standardized techniques and tools utilized for the baseline survey were also used for subsequent follow-up monthly visits. Analysis of 10% of the data collected by the research workers was repeated to check its validity and consistency.
Results
The present study was undertaken in underprivileged communities of two districts of Rajasthan, Alwar and Bharatpur. In these communities the prevalence of chronic energy deficiency (CED) among mothers has been documented as follows: grade I, 37.9%; grade II, 11.9%; and grade III, 11.6%. 14 The daily intake of trace elements, minerals, vitamins, energy and protein by 60 SMN children was calculated at baseline, after 6 months, and after 12 months of the baseline survey. Of the 60 SMN children, 16, 31 and 13 were in the age groups of 6-11, 12-35 and 36-71 months, respectively, at the baseline survey.
Nutrient intake at baseline survey
It was observed that in the age group of 6-11 months the deficit in calories was 15%. However, the intake of protein was adequate. The deficit in intake of β-carotene was 75% less than the RDA. The mean intakes of zinc and copper were 1.0 mg and 0.2 mg, respectively. Calcium intake was adequate; however, there was a 40% deficit in the vitamin C intake when compared with the RDA (Table 1 ).
In the age group of 12 to < 36 months, the average intakes of β-carotene, iron, zinc, copper, calcium, magnesium and vitamin C were 282 µg, 5.5 mg, 2.3 mg, 0.5 mg, 393 mg, 129 mg and 14.6 mg, respectively ( Table 2) .
A mean energy intake of 3360 kJ was found in SMN children of the 36-< 72 months age group. There were deficits in the intakes of all trace elements, minerals, vitamins, energy and protein as compared to the RDA, with the exception of magnesium. Intakes of iron, zinc, copper and vitamin C were less than 50% of the RDA (Table 3) .
Nutrient intake at 6 month follow-up
The mean energy intake of the SMN children in the age group of 12-35 months increased from 3515 kJ to 4691 kJ. There was a significant increase in the intakes of iron, zinc, copper and vitamin C. No deficiency was observed in these children with respect to intakes of protein, calcium and magnesium ( Table 2) .
The diets of the study subjects in the age group of 36 to < 72 months were deficient in iron, zinc, copper, β-carotene and vitamin C intake. As compared with the baseline survey, there was a significant increase in the intakes of all of the trace elements, minerals and vitamins (Table 3) .
Nutrients intake at 12 month follow-up
After 12 follow-up visits, the mean energy and protein intakes of the 12-< 36 months age group of children were 4620 kJ and 35 g, respectively. Intakes of copper, calcium and magnesium were observed to be adequate. The deficit in intake of β-carotene was 73% less than the RDA. Iron and zinc intakes were 9.8 mg and 5.0 mg compared with the RDA of 12 and 6.0 mg, respectively (Table 2) .
Results revealed that the energy intake of children aged 36 to < 72 months was 4754 kJ (33% less than the RDA). There was a significant increase in the intake of trace elements after 1 year follow-up. Intakes of β-carotene, iron, zinc, copper, vitamin C were 435 µg, 12.5 mg, 6.3 mg and 26.6 mg, respectively. No deficit in magnesium intake was observed ( Table 3) .
Intake of nutrients and improvement in nutritional status
After 1 year follow-up of the 60 SMN children, the nutritional status of 39 of them had improved. Six children moved to the nutritional status grade I, 32 to grade II and one to the normal category. The remaining 21 children showed no improvement in their nutritional status, with 16 remaining in grade III and five in grade IV. Table 4 depicts a comparison of intakes of energy, protein, trace elements, minerals and vitamins by children who showed improvement in their nutritional status and those who did not. There was a significant difference in the energy and protein intake of SMN children who showed improvement as compared with those who did not. A statistically significant higher intake of all nutrients studied was observed by the study subjects who moved to the higher grades of nutritional status, with the exception of calcium and β-carotene.
Discussion
The importance of trace elements, minerals and vitamins in severe malnutrition has been widely recognized. [1] [2] [3] [4] [5] [6] [7] [8] [9] Data on the dietary trace elements, minerals and vitamin status of Indian SMN children is limited; therefore, the present community-based prospective study was undertaken.
It was observed that the intake of energy by all of the SMN children in the three age groups was deficient, although the protein intake was found to be adequate. The trend of inadequate consumption of calories in the present study is comparable with earlier studies reported from India. 15, 16 It has been reported that zinc deficiency limits the rate of recovery from protein energy malnutrition in children. 17 In the present study, the intake of zinc by SMN children in all age groups was found to be deficient. It has also been reported that often the zinc concentration in the breast milk of women is too low to provide an adequate amount of zinc for the fast growing infant if the infant is exclusively breastfed for 4-6 months. 18 Dietary intake of copper was also inadequate in all age groups as compared with their respective RDA. No data is available from India on the dietary intake of copper with which to compare the results of the present study.
Intake of magnesium in this study was comparable to the RDA. This may be due to the consumption of diets based on cereals and pulses, which are known to have an adequate magnesium content. 19 Table 2 . Mean intake of trace elements, minerals and other nutrients by severely malnourished children in the 12-< 36 months age group at the baseline after 6 months and 12 months of the survey Calcium intakes by SMN children in the 6-< 12 and 12-< 36 month age groups were adequate although in the 36-< 72 month age group they were not. It was observed that with the increase in age of children the intake of calcium decreased. The adequate intake of calcium in the younger age group may be attributed to a higher milk intake by the children.
Iron and vitamin C intakes were observed to be lower as compared with the respective RDA in all three of the age groups. Similar results have been reported from Andhra Pradesh 15 and Karnataka. 16 In the present study, intake of β-carotene in children was less than 50% of the RDA. However, a study from Andhra Pradesh (coastal India) reported the higher values of 1116 µg and 1039 µg in mild and moderately undernourished children, respectively. This variation could be due to the regular consumption of fish and spinach, both of which are good sources of vitamin A in coastal areas. 16 After 1 year of follow-up of the 60 SMN children 39 showed an improvement in their nutritional status. There was a general increase in the intake of food by the children whose nutritional status improved. This was possibly associated with a general increase in trace elements, minerals and vitamin intake ( Table 4) .
The results of the present study indicate that the dietary intake of specific trace elements, minerals and vitamins by the severely malnourished children was inadequate. These nutrients, either individually or in combination, may have a role to play in the aetiology of malnutrition.
Conclusion
The present study highlighted the presence of multiple trace element, mineral and vitamin deficiencies which possibly play a role in severe malnutrition. The findings further highlight the need to improve the overall intake of food by young children in order to prevent undernutrition. There is also a need to add food items such as green leafy vegetables, which are rich sources of trace elements, minerals and vitamins, to the diets of SMN children. Further, we suggest that studies should be conducted to substantiate the findings of the present study. 
